In this study, we aimed to retrospectively investigate clinical and histological characteristics of LEoE including treatment outcomes.
Patients and methods

Patients and study designs
A total of 115 patients who had esophageal eosinophilia found by esophagogastroduodenoscopy (EGD) for medical check-up or investigation of gastrointestinal symptoms were referred to Osaka City University Hospital between April 2010 and February 2018. Esophageal eosinophilia was defined as an intraepithelial eosinophilic infiltration ≥ 15 per hpf in at least one biopsy sample. Of 115 patients, six patients with eosinophilic gastroenteritis and three patients lost during the follow-up period were excluded. The remaining 106 patients were initially treated with PPIs or steroids. An EGD was then performed to take at least five esophageal biopsies to assess the intraepithelial eosinophilic infiltration using Single-Use Radial Jaw 4TM (Boston, Scientific Japan, Tokyo, Japan). The biopsies were taken as follows: two from the distal esophagus, two from the middle esophagus, and one or two from the proximal esophagus. Biopsy samples were fixed with 10 % buffered formalin, embedded in paraffin blocks, and stained with hematoxylin and eosin. The number of eosinophils was counted using an optical microscope. Patients' clinical characteristics were retrospectively analyzed and included age, sex, body mass index (BMI), smoking and alcohol habits, comorbidities of allergic diseases, and blood tests measuring peripheral eosinophil counts and Helicobacter pylori antigen. Endoscopic findings at diagnosis and after the first treatment were also evaluated. This study was approved by the Ethical Committee of Osaka City University Medical School.
Classification of esophageal eosinophilia: localized or diffuse-type EoE
Patients were divided into two groups based on endoscopic findings of esophageal eosinophilia regardless of histological eosinophilic distribution in the esophagus as described in the previous report: (1) rings defined as a corrugated appearance or as trachealization; (2) white plaques which appeared as punctate white nodules, dispersant flocculant material, or in a granular pattern; (3) linear furrows representative of mucosal edema and thickening with vertical lines along the length of the esophageal mucosa; and (4) strictures [7] . LEoE was defined as having any of these findings in any one-third of the esophagus: upper, middle, and lower (▶ Fig. 1 ). Diffuse-type EoE (DEoE) was defined as endoscopic lesions extending through more than one-third of the esophagus (▶ Fig. 1 ). In the LEoE group, distribution of endoscopic lesions was evaluated, and all endoscopic images were reviewed by a single experienced endoscopist (A.S.).
Reflux esophagitis, atrophic gastritis, and hiatal hernia
Reflux esophagitis was evaluated using the Los Angeles classification [8] . If a patient had a mucosal break of grade A or more, the patient was considered to have reflux esophagitis. Atrophic gastritis was classified by the Kimura-Takemoto classification [9] . Patients were considered to have atrophic gastritis when they had grade C-2 (the atrophic border was on the lesser curvature of the body) or more. Hiatal hernia was classified by the Hill's classification [10] . Patients were considered to have hiatal hernia when they had grade 2 or more.
▶ Fig. 1 Endoscopic and histologic findings of eosinophilic esophagitis. a Endoscopic findings of DEoE. Rings, white exudates, and linear furrows were observed in the etire esophagus. b Case 1 of LEoE. White turbidity was observed along the entire circumference just above the EGJ. In addition, linear furrows (black arrows) and white exudates (arrowhead) were distributed on white turbidity. c Case 2 of LEoE. White exudates and subtle rings were located along only half of the circumference of the upper esophagus. d Normal esophageal mucosa was found from the EGJ to middle esophagus. e, f Histologic findings in Case 2. e Esophageal biopsy samples taken from the mucosa with endoscopic findings around image c showed > 15 eosinophils/hpf, other inflammatory cells, and dilated intracellular space in the esophageal epithelium. f In contrast, a sample taken from the mucosa without endoscopic findings around image d showed no intraepithelial eosinophils. LEoE, localized-type eosinophilic esophagitis; DEoE, diffuse-type eosinophilic esophagitis; EGJ, esophagogastric junction.
Assessment of responsiveness to PPI therapy
Patients were defined as a PPI responder when their intraepithelial eosinophilic infiltration decreased to less than 15 per hpf and symptoms were completely relieved after 8 weeks of PPI therapy.
Statistical analyses
Data were expressed as the median (interquartile range) in continuous variables and as numbers and frequencies in categorical variables. The Mann-Whitney U test was used for continuous variables. Fisher's exact test was used for categorical variables. Statistical analyses were performed using the R statistical package. P < 0.05 was considered statistically significant.
Results
Study patients
We analyzed a total of 106 patients with esophageal eosinophilia and a median age of 46 years (range 41 -52). The majority of patients were male (65 %), and most patients (89 %) had symptoms including dysphagia (69 %), heartburn (25 %), and chest pain (15 %). Seventy-four patients (70 %) had comorbidities of allergic diseases as follows: 20 patients (19 %) with asthma, 42 patients (40 %) with rhinitis, 12 patients (11 %) with atopic dermatitis, and 24 patients (23 %) with food allergies.
Based on the distribution of endoscopic lesions, 12 patients were assigned to the LEoE group, and the remaining 94 patients were assigned to the DEoE group. Clinical characteristics of each group are shown in ▶ Table 1 . There were no significant differences with regard to age, sex, BMI, prevalence of allergic diseases, smoking and drinking habit, and infection rate of ▶ 
Data were expressed as the median (interquartile range) or numbers with frequencies. LEoE, localized-type eosinophilic esophagitis; DEoE, diffuse-type eosinophilic esophagitis; IQR, interquartile range; PPI, proton pump inhibitor; BMI, body mass index; H. pylori, Helicobacter pylori; WBC, white blood cell; ESD, endoscopic submucosal dissection.
H. pylori between the LEoE and DEoE groups. The proportion of symptomatic patients in the LEoE group was significantly lower compared to the DEoE group (58 % for LEoE, 93 % for DEoE, P = 0.004). Blood tests did not show any difference between the two groups in the number and proportion of eosinophils, and serum concentration of IgE. There were also no differences in these parameters between the two groups with symptoms. Of 106 patients, 101 patients (95 %) were treated with a standard dose of PPI for 8 weeks, regardless of whether they had symptoms related to esophageal dysfunction, and four severe symptomatic patients (4 %) were treated with steroids. One patient with LEoE (1 %) was diagnosed after endoscopic submucosal dissection (ESD) of the lesion (▶ Table 1 ).
Endoscopic and histologic findings
Compared to the DEoE group, the LEoE group had significantly fewer linear furrows (75 % for LEoE, 96 % for DEoE, P = 0.03), but the prevalence of other endoscopic findings such as rings, white plaques, and strictures did not differ between the two groups (▶ Table 2 ). Ten patients (84 %) in the LEoE group had endoscopic lesions in the lower esophagus. Among them, the endoscopic lesions of five patients (42 %) were located around the EGJ, within 1 cm, proximal from the squamocolumnar junction; two patients (16 %) had lesions in the upper esophagus (▶ Table 2 ). In the LEoE group, endoscopic lesions were distributed throughout the entire circumference of the esophagus in seven patients (58 %) and covered 50 % or less of the circumference in five patients (42 %). Prevalence of reflux esophagitis, atrophic gastritis, and hiatal hernia did not significantly differ between the 2 groups (▶ Table 2 ).
As for the histologic findings, there were no significant differences in either the number of biopsies taken for diagnosis or the maximum number of eosinophils per hpf in the esophageal epithelium between the two groups (▶ Table 2 ). Endoscopic and histologic findings did not differ between the two groups when analyzing symptomatic patients.
In the LEoE group, five patients (42 %) had a biopsy taken from the mucosa both with and without endoscopic lesions: 15 samples were taken from the mucosa without endoscopic lesions and nine samples were taken from the mucosa with endoscopic lesions. The maximum number of eosinophils was significantly higher in the samples with endoscopic lesions than in those without endoscopic lesions (70 [20 -79] for sam-▶ Table 2 Endoscopic and histologic findings of each endoscopic type of eosinophilic esophagitis. Original article ples with endoscopic lesions, 0 [0 -6.5] for those without endoscopic lesions, P < 0.01) (▶ Fig. 2 ).
Response to PPI therapy
In patients who received 8-week PPI therapy, all 11 in the LEoE group who had alleviation of lesions histologically and were symptomatic became asymptomatic, whereas 57 of 90 patients (63 %) in the DEoE group responded to PPI therapy, showing a significant difference between the two groups (P = 0.01) (▶ Fig. 3 ). Even though we analyzed only symptomatic patients, the rate of response to PPI between the two groups still differed significantly (7 out of 7 [100 %] for the LEoE group, 51 out of 83 [61 %] for the DEoE group, P = 0.047). Of 11 asymptomatic patients in both groups, 10 patients (91 %) had histologic amelioration with PPI therapy.
Discussion
EoE has patchy distribution of eosinophil infiltration [11] , however, characteristic endoscopic findings of EoE are usually found diffusely in the esophagus. Although EoE with localized endoscopic findings is occasionally detected, its significance has not been elucidated. There has been only one study, by Abe et al., that has reported characteristics of LEoE [7] , in which they assumed that acid reflux caused esophageal inflammation, increasing the permeability of the esophageal mucosa to causal antigens. If that hypothesis is the case, PPI would be more likely to improve LEoE than DEoE, in which the influence of acid reflux on pathophysiology varies. The efficacy of PPI for LEoE has not been studied, therefore, we conducted this study. A couple of guidelines for EoE specifically reference PPI responders, or so-called PPI-responsive esophageal eosinophilia (PPI-REE), as a different entity than EoE or as gastroesophageal reflux disease (GERD)-induced esophageal eosinophilia [12, 13] . After these guidelines had been published, many reports showed that EoE and PPI-REE could not be distinguished clearly in several aspects including endoscopic findings [14 -18] . Moreover, it is unrealistic to exclude GERD from EoE because GERD may coexist and interact bi-directionally [19] , even though GERD is definitely a different disease than EoE [5] . Consequently, the latest guidelines from United European Gastroenterology and the American Gastroenterological Association treat PPI-REE as part of the EoE continuum [1, 20] . Every guideline proposes that EoE be defined by symptoms related to esophageal dysfunction [1, 12, 13, 21] ; nevertheless, we included asymptomatic patients to elucidate their clinical significance, and they accounted for 11 % of studied patients,. However, most results including PPI response did not change even when analyzing only symptomatic patients.
This study showed that the LEoE group had clinical characteristics similar to the DEoE group, but more of the the LEoE group were asymptomatic. These findings correspond with the previous report [7] , although patients with reflux esophagitis were not included in their study. There is no consistent evidence showing an association of endoscopic findings with clinical and histological activity. Some reports showed that the grade of endoscopic findings using the Endoscopic Reference Score (EREFS) [6] did not adequately predict the number of intraepithelial eosinophils and symptom severity [22, 23] , but Dellon et al. showed a good correlation between EREFS and histologic findings in EoE [24] . EREFS does not adopt the area of comprehensive endoscopic findings as one criterion, so it is difficult to compare LEoE to DEoE using EREFS. However, the less comprehensive endoscopic findings in LEoE are likely to be associated with a higher proportion of asymptomatic patients. This study proved that eosinophil infiltration in the LEoE group was to the same degree as that in the DEoE group, but was localized in accordance with endoscopic findings. This result con- formed to a larger meta-analysis study that reported approximately 80 % to 90 % of subjects with endoscopically normal findings have no pathological number of intraepithelial eosinophils [25] . Therefore, the degree of inflammation in the whole esophagus could be milder in LEoE than in DEoE, which might be relevant to symptom generation.
A couple of population-based studies showed a prevalence of asymptomatic subjects with esophageal eosinophilia, but the natural history of this condition has not been elucidated [26, 27] . Because there is a possibility that asymptomatic esophageal eosinophilia could be the halfway point in the development of EoE, an early intervention could contribute to prevention of stricture formation [28] . Therefore, we attempted to treat asymptomatic patients with esophageal eosinophilia, even though a treatment consensus for these patients has not been established. This study showed that all patients in the LEoE group responded to PPI therapy, and the response rate was statistically superior to that of the DEoE group. This result did not change, even when only symptomatic patients were included in the analysis, and the proportion of PPI responders among the symptomatic patients (67 %) was acceptable in comparison to other studies [4, 29] .
Given that PPIs have two effects on the gastrointestinal tract, which are gastric acid suppression and anti-inflammatory effects by multiple mechanisms [30, 31] , two possible scenarios could be considered to explain why PPIs significantly improved LEoE. First, gastric acid might contribute more to pathogenesis in the LEoE group compared to the DEoE group. In fact, the LEoE group had endoscopic findings primarily in the lower esophagus, including areas near the EGJ, which was consistent with a previous report [7] . Because acid reflux can induce an increase in esophageal permeability leading to antigen penetration of the epithelium [19] , this hypothesis seems reasonable. However, further study using pH meters should be performed. Second, the LEoE group might be a lower-disease activity phenotype of EoE. We found two LEoE cases with upper esophageal lesions never seen in the previous study [7] . It is unlikely that these two cases were involved with acid reflux; therefore, it is possible that the anti-inflammatory effect rather than the anti-acid effect of PPIs influenced them [30, 32, 33] . LEoE had small areas damaged by eosinophil-induced inflammation in this study, both endoscopically and histologically, which may explain why the LEoE group responded better to the anti-inflammatory effect of PPI.
Many cancers including esophageal squamous carcinoma (ESC) accompany eosinophil infiltration, which is associated with an improved prognosis [34, 35] . However, to the best of our knowledge, this is the first case of EoE mimicking ESC. The endoscopic lesion resembled EoE, but a couple of factors, including the localized nature of the lesion and the pathological diagnosis for a biopsy contributed to consider it as ESC. After the resected area healed, several biopsies taken from both the scar and other esophageal mucosa showed an absence of eosinophils without PPI use. Localized endoscopic lesions with features of EoE warrant careful attention when the biopsy sample shows possible evidence of a malignancy. This study has some limitations. First, the sample size was small, and the study design was retrospective. However, as LEoE was a relatively rare type of esophageal eosinophilia, it was difficult to perform a prospective study. Second, there might be referral bias, because this study was performed in a tertiary medical center. This study included a higher proportion of symptomatic patients than the previous report [7] . Thus, further investigation with more cases is required.
Conclusion
In conclusion, LEoE accounted for approximately 10 % of esophageal eosinophilia. All LEoE were clinically and histologically improved by PPI therapy, and most LEoE had endoscopic findings in the lower esophagus. These findings suggest that gastric acid is more relevant to pathogenesis of LEoE than DEoE, and LEoE is a less-active phenotype of EoE. Endoscopic findings that show LEoE prior to any treatment are likely to predict a good response to PPI therapy, and can sometimes mimic ESC because of its localization.
